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ignored. Most ground waters have more nitrate and sulfate than
oxygen. This is particularly true in agricultural areas that have been
overfertilized and in arid regions where gypsum is dissolved in the
ground water.

The concentration of electron acceptors required to ensure
bioremediation varies with the contaminant's chemical characteris-
tics and the amount of contamination. More soluble contaminants
and large contaminant sources require larger electron acceptor con-
centrations. Natural ground water circulation conditions at the site
also influence the required amount of electron acceptor. The circula-
tion patterns should provide enough mixing between contaminated
water and surrounding water that the organisms never consume all
of the electron acceptors within the bioremediation region. If the
electron acceptor supply becomes depleted, bioremediation will slow
or cease.

Also necessary for intrinsic bioremediation is the presence of the
elemental nutrients that microbes require for cell building, especially
nitrogen and phosphorus. Although nutrients must be present natu-
rally for intrinsic bioremediation to proceed, the quantity of nutri-
ents required is much less than the quantity of electron acceptors.
Therefore, a nutrient shortage is less likely to limit intrinsic bioremediation
than an inadequate electron acceptor supply.

Impact of Site Heterogeneity on Bioremediation

Observation of the geological cross section at a typical excavation
site reveals a complex patchwork of layers, lenses, and fingers of
different materials. Indeed, two overriding characteristics of the sub-
surface are that it is intricately heterogeneous and difficult to ob-
serve. The patterns of variability of the properties that govern the
flow of water and the transport of chemicals are so complex that it is
not possible to predict these properties quantitatively or even to in-
terpolate them with accuracy from sparse observations. In practice,
estimation of subsurface hydrogeochemical properties depends on
site-specific measurements from water or soil samples and well tests.
However, the inherent unobservability of the system means that there
is usually insufficient information to characterize the site with cer-
tainty.

A consequence of this complexity and heterogeneity, in combina-
tion with the poor observability of the subsurface, is that completely
reliable prediction of chemical transport and fate is out of reach in
most real-world cases. In evaluating a proposed intrinsic or engi-
neered bioremediation scheme, one must consider how it may per-